Wheat germ is a by-product of the wheat milling industry. Wheat germ oil is of immense importance for industrial applications. There are a lot of reported articles concerning its various uses in cosmetics, detergents, surfactants and lubricants. Therefore, this work was devoted to explore its acetylation for further application as an antioxidant. Antioxidants can play a role in the prevention of autoxidation. However, there may be two major problems for the use of conventional antioxidants such as butyl hydroxy toluene (BHT) and butyl hydroxy anisole (BHA). They are approved for use in a limited number of food products and each new synthetic antioxidant must be subjected to a lengthy process of evaluations for proof of safety. Consumers are increasingly concerned about chemical additives used in foods. Chemical characteristics, fatty acid composition and FT-IR of wheat germ oil were determined. Crude and acetylated oil were also evaluated as antioxidants. Acetylated oil has higher antioxidant activity (71.1 % at 400 µg/ml) than crude oil (60.2 % at 400 µg/ml) in comparison with Tert-Butylhydroquinone (TBHQ) (98.0 % at 400 µg/ml).
INTRODUCTION
Wheat germ oil has been used as a fertility agent, an antioxidant, and an additive in natural food and health and cosmetic products [1] . Wheat germ is a byproduct of the wheat milling industry. The outer portions of a wheat kernel, namely, the bran and the germ which contains a hydrolytic lipase [2] . The wheat germ constitutes only about 2% of the whole wheat grain and contains about 8-14% oil. Nevertheless, because of its unfavorable baking properties and susceptibility to oxidation, the germ is removed from the end endosperm during milling and is mainly used for fodder and for oil production [3] .
Wheat germ oil is an excellent source of polyunsaturated fatty acids and vitamin E. It is one of the richest natural sources of -tocopherol, the type of tocopherol with the greatest vitamin E activity. Wheat germ oil has been attributed to reduced plasma and liver cholesterol in animals, improved physical endurance, and delayed aging [4, 5] 

The application of food-processing practices to derive modified oil could improve the oxidative stability of food products. These compounds can be used as food ingredients with their functional properties might preserve food from oxidation and microorganism contamination [6] . Antioxidants can play a role in the prevention of autoxidation. However, there may be two major problems for the use of conventional antioxidants such as butyl hydroxy toluene (BHT) and butyl hydroxy anisole (BHA). They are approved for use in a limited number of food products and each new synthetic antioxidant must be subjected to a lengthy process of evaluations for proof of safety. Consumers are increasingly concerned about chemical additives used in foods.
This work was devoted to study the fatty acids composition, chemical characters and its acetylation with acetic anhydride. Evaluation of the resulting acetylated oil as antioxidant product will be taken into consideration. Representative samples of wheat germ  were obtained from Flour Land Company, 6 th October City, Egypt. The wheat germ collected directly after milling in polyethylene bags and kept at 5°C. The other used chemicals were of high purity and technical grade (Merk, Germany and BDH, England). 
MATERIALS AND METHODS

Materials:
Reagents
1-
Methods
Preparation of wheat germ samples for analysis:
Wheat germ samples were ground (20-40 µm) and were subjected to hexane extraction.
Oil extraction: Soxhlet apparatus technique was utilized for oil extraction from dried and ground wheat germ using redistilled n-hexane according to the method of (A.O.C.S.,1996) [7] .
Chemical characteristics of oil :
Chemical characteristics of the oil were conducted according to the method of (A.O.C.S.,1996) [7] .
Fatty acid composition:
Wheat germ oil methyl esters were prepared according to (IUPAC,1987 ) [8] .Determination of wheat germ fatty acids composition was performed as described by (Mitruk,1984) [9] using a Hellwet Packard HP 6890 gas chromatograph, operated under the following conditions:
Detector, flame ionization (FID); column, capillary, 30.0 m x 530 µm , 1.0 µm thickness, polyethylene glycol phase (INNO Wax); N 2 with flow rate, 15 ml per min with average velocity 89 cm/s (8.2 psi); H 2 flow rate, 30 ml per min; air flow rate, 300 ml per min; split ratio, 8 : 1, split flow, 120 ml per min; gas saver, 20 ml per min. Detector temperature, 280 ºC; column temperature, 240 ºC; injection temperature, 280 ºC. Temperature programming starting from 100 ºC to reach a maximum of 240 ºC was used for eluting the fatty acid methyl esters. The identification of peaks was made as compared with chromatograms of saturated fatty acid methyl esters (Sigma, USA).
Acetylation:
The acetylation process was carried out with a known amount of acetic anhydride in pyridine solution (ISO 4326, 1980) . At the end of the reaction excess acetic anhydride is decomposed with water, and the acetic acid formed was titrated with ethanolic potassium hydroxide normal solution.
The sample (8-10g) was accurately weighed into a clean dry flask, and 10 ml of an acetylating agent was added. The flask gently stirred and refluxed on a steam bath for 1 hour, then removed from bath, cooled and 10ml of distilled water were added through the condenser and shake well. The flask was heated again for additional 10 min. in order to convert anhydride of acetic acid and to decompose anhydride of fatty acids. The flask was allowed to cool with condenser attached to room temperature.
Hydroxyl Value: 25 ml of neutral alcohol was added to 10 gm of acetylated sample. The contents were titrated with 0.5 N alcoholic KOH using ph. ph. as indicator. A blank determination simultaneously was carried out in the same way.
Calculation
Hydroxyl Value = 56.11×N(V 2 --V 1 ) ⁄ e +A. V.
Where N = normality of KOH.
V 1 = volume of KOH in ml used in sample.
V 2 = volume of KOH in ml used in blank. e = weight of sample in g.
A.V. = acid value of the sample.
Acetyl Value: Acetyl value is the number of mg KOH required to neutralize the acetic acid obtained when 1g of an acetylated oil or fat is saponified. Both hydroxyl value and acetyl value measures the free hydroxyl groups present; as the first is calculated on 1g of the oil and the latter on 1g of acetylated oil. The following formula gives the relation between these two values.
FT-IR Analysis: The change in functional groups of oils were studied using FT-IR analysis, it was performed using Mattson 5000 FTIR, USA spectrophotometer with resolution 4 cm -1
.
Antioxidant activity of wheat germ oil and acetylated germ oil DPPH radical scavenging assay: The DPPH radical scavenging assay was conducted according to the method of [10] . Briefly, 4 ml of DPPH solution (0.5 mM, in methanol) was mixed with of the wheat germ oil and acetylated germ oil samples at different concentrations (50, 100, 200, 400 µg/ml). The reaction mixture was shaken and incubated in the dark at room temperature for 30 min, and the absorbance was read at 517 nm against the blank. Controls were prepared in a similar way as for the test group except for the replacement of the antioxidant solution with the corresponding germ oil and acetylated germ oil. The inhibition of the DPPH radical by the sample was calculated according to the following formula [1] :
% Inhibition = [(A B -A A )/A B ] X100
Where:
A B : absorption of blank sample (t=0 min).
A A: absorption of sample solution (t=30 min).
β-Carotene bleaching assay: Antioxidant activity of the aqueous solution was determined by a β-carotene/linoleic acid system, as described by [11] .
Briefly, 2 ml of β-carotene solution (5 mg /ml), 40 mg of linoleic acid were transferred to a round-bottom flask. Chloroform from the samples was evaporated using a stream of nitrogen. Then 100 ml of oxygenated distilled water were added slowly to the residue and vigorously agitated to give a stable emulsion. Aliquots of 2 ml of this emulsion, different volumes of the samples were added, and added the same volumes of standard mixture.
Absorbance was measured spectrophotometrically at 470 nm by using (UV-Visible spectrophotometerShimadzu, Japan) after incubating the reaction mixtures in water bath (50 0 C) and the readings were taken from zero time till 120 min. Antioxidant activity (AA) was calculated by the following formula [2] .
AA = [1-(A S (0)-A S (120 )/ A b (0) -A b (120)] x100 [2]
Where, A S (0): is absorbance of sample at 0 min. 
RESULTS AND DISCUSSION
Chemical Characteristics: Chemical characteristics of wheat germ oil are presented in table (1). 
Fatty acids composition
Fatty acids composition of wheat germ oil is recorded in Table ( 2). 
~~~~~~~ CH 2
It can be seen from Acetylation Reaction: The wheat germ oil is acetylated by acetic anhydride under high temperature resulting acetylated product as illustrated in scheme (1). This is confirmed by increasing the acid value 237.47 and acetyl value 358.51 and appearance of carbonyl groups in FT-IR spectra, figure (1,2) . . The spectrum of germ oil before acetylation shows characteristics absorption band associated with common oil. The frequency of band at 3006 cm -1 was assigned to the cis = CH stretching vibration. While the band at 723 cm -1 was assigned to a CH 2 rocking vibration. The strong absorption peaks at around at 2920 to 2870 cm -1 are assigned to CH 3 and CH 2 asymmetric stretching vibration. Also, the spectra show stretching absorption bands at 1652 cm -1 and 1467 cm -1 which correspond to nonconjugated (cis C= C) bond and C-H scissoring respectively, [16, 17] . While the spectra of acetylated germ oil show stretching absorption bands at 970 cm DPPH radical scavenging activity: DPPH radical is a stable organic free radical with an absorption band at 517 nm. It loses this absorption on accepting an electron or a free radical species, which results in a visually noticeable discoloration from purple to yellow. It can accommodate many samples in a short period and is sensitive enough to detect active ingredients at low concentrations [18] . In this study, germ oil and acetylated germ oil showed DPPH scavenging activities in a concentration dependent manner whose profiles varied among the different concentrations ( figure 3 ). The acetylated germ oil showed the highest DPPH radical scavenging activity at all concentrations, while the germ oil demonstrated acutely increasing DPPH radical scavenging activity with (60%, at 400 µg/ml) in comparison with a traditional antioxidant TBHQ (99.3% AT 400 µg/ml). The acetylated germ oil had stronger scavenging capacity than germ oil. A similar trend was observed in a study of the antioxidant activity of the field (Equisetum arvense L).extracts [19] .
Antioxidant assay using ß-carotene-linoleate model system: The antioxidant activity of germ oil and acylated germ oil measured by the bleaching of ß-carotene. The addition of them and TBHQ at various concentrations (50, 100, 200, 400 µg/ ml) respectively (Fig. 4) , prevented the bleaching of ß-carotene to different degrees. ß-carotene in these model systems undergoes rapid discoloration in the absence of an antioxidant. This is because of the coupled oxidation of ß-carotene and linoleic acid free radicals. The linoleic acid free radical, formed upon the abstraction of the hydrogen atom from one of its diallylic methylene groups, attacks the highly unsaturated ß-carotene molecules. As a result, ß-carotene will be oxidized and broken down in part; subsequently, the system loses its chromophore and characteristic orange colour, which can be monitored spectrophotometrically. The presence of antioxidants can hinder the extent of ß-carotene bleaching by neutralizing the linoleate-free radical and other free radicals formed in the system [20] .
In our present study, germ oil and acetylated germ oil were found to hinder the extent of ß-carotene bleaching by neutralizing the linoleate-free radical and other free radicals formed in the systems. In comparison, germ oil and acetylated germ oil showed an appreciable antioxidant activity of (60.2 ±2.3 and 71.1 ± 1.8 at 400 µg/ml) respectively, while TBHQ had (99.5± 2.6 % at 400µg/ml). It is indicated by the results of this work that wheat germ oil and acylated germ oil are established, could serve as a source of natural antioxidants or nutraceuticals. 
CONCLUSION
-It can be concluded from the aforementioned results that:
-Wheat germ oil contains mono-unsaturated and poly-unsaturated fatty acids in different amounts.
-The higher percentages of the linoleic and the presence of reasonable amounts of oleic and linolenic makes the oil sensitive to oxidation.
-Acetylated Germ oil can be used as good antioxidant.
